aggressively (10, 17) . In the present study, we propose a classification system that unifies aneurysms coexisting with AVMs and their endovascular treatments (Table I ).
█ INTRODUCTION
Internal elastic lamina (IEL) damage and low shear stress are often risk factors in the pathogenesis of aneurysm formation (6,22). The incidence of aneurysms coexisting with AVMs is well documented to be between 10% and 58% (7, 25, 29) . The aneurysms coexisting with AVMs can be divided into four groups: unrelated dysplastic or incidental (Type 1); flowrelated on proximal feeding vessels (Type 2); flow-related on distal small feeding vessels (Type 3); and intranidal (Type 4) (5, 22) . There is still confusion as to the etiology and clinical and radiological features of aneurysms coexisting with AVMs. Some authors have traditionally regarded associated aneurysms as independent risk factors and treated them the basis of radiological findings and clinical features. The outcome was assessed using the modified Rankin Scale (mRS).
Classification of Aneurysms
Aneurysms arising from the proximal arterial trunk supplying the AVM were classified as proximal flow-related aneurysms and unrelated aneurysms were located on the Willis circle or a site of bifurcation. Aneurysms arising from the distal small feeding vessels were classified as distal flow-related aneurysms and those in the immediate vicinity of the AVM nidus or within the AVM nidus were classified as intranidal aneurysms.
Treatment Strategies
1. Distal flow-related and intranidal aneurysms were treated in conjunction with AVM Onyx embolization.
2. Unruptured proximal flow-related aneurysms were followed and ruptured ones were treated with coiling.
3. Unrelated aneurysms (arising from Willis circle or a site of bifurcation) were treated with coiling.
█ RESUlTS

Presentations
Of the 39 patients, there were 12 men and 27 women and the age range was from 5 to 72 years (mean, 34.4 years). Twentyfour (61.5%) patients initially presented with hemorrhage. The remaining 15 patients (38.5%) initially presented with symptoms or signs unrelated to hemorrhage. Eight (20.5%) AVMs were infratentorial and 31 (79.5%) were supratentorial.
Aneurysm Characteristics
These patients harbored 59 coexisting aneurysms. Fifteen patients had AVMs with multiple arterial aneurysms. There were 11 unrelated aneurysms, 18 proximal flow-related aneurysms, 11 distal flow-related aneurysms and 19 intranidal aneurysms.
Four of the 11 unrelated aneurysms caused subarachnoid hemorrhage. Seven of the 9 distal flow-related aneurysms near the AVM caused a major hemorrhage, which was evident on angiogram. Six of 19 intranidal aneurysms presented with hemorrhage. In contrast, only 3 of 14 proximal flow-related aneurysms on major feeding arteries caused hemorrhage, which was identifiable as a source of bleeding on CT scanning.
Unrelated Aneurysm
Among the 11 unrelated aneurysms, 3 were in the anterior communicating artery ( Figure 1A -C), 4 in the internal carotid artery-posterior communicating artery, 2 at the basilar tip, 1 in the vertebral artery-anterior inferior cerebellar artery, and 1 in the middle cerebral artery bifurcation. All these aneurysms were small saccular aneurysms (3 to 7 mm) with a small neck.
Proximal Flow-Related Aneurysms
Among the 18 proximal flow-related aneurysms, 8 on the internal carotid artery were very small saccular aneurysms (≤3 mm), 3 on the middle cerebral artery were small fusiform aneurysms (≤4 mm), 2 on the anterior cerebral artery were small fusiform aneurysm (≤4 mm), 1 on the superior cerebellar artery was a small fusiform aneurysm (5 mm), 2 on the thalamus perforating artery pedicle were small fusiform aneurysm (5 and 6 mm), 1 on the anterior cerebellar artery was a small fusiform aneurysm (5 mm) and 1 on the posterior cerebral artery was a small fusiform aneurysm (8 mm).
Distal Flow-Related Aneurysms
The 11 distal flow-related aneurysms, and 2 middle cerebral artery, 3 anterior choroidal artery, 3 posterior inferior cerebellar artery, 1 middle cerebral artery, 1 anterior cerebral artery and 1 superior cerebellar artery aneurysms, were small saccular aneurysms.
Intranidal Aneurysms
All 19 intranidal aneurysms were of the saccular type (5 to 12 mm). 
Aneurysm Treatment
All unrelated aneurysms were treated with coiling, and distal flow-related and intranidal aneurysms were treated in conjunction with AVM Onyx embolization ( Figure 1A -C). For proximal flow-related aneurysms, only 3 ruptured cases were coiled and the other 15 were left untreated. In 1 patient, a proximal flow-related aneurysm on the feeding vessel of the anterior cerebellar artery, which was left untreated, led to hemorrhage 2 months later and it was coiled.
AVM Treatment
Forty-one Onyx embolization procedures were performed for AVM nidus creating a new or worsening a preexisting neurological deficit in 6 patients and slowly resolving paralysis and dysarthria in 2 patients. Additional gamma knife radiosurgery was performed in 6 cases. 
Pathogenesis of These Aneurysms
Aneurysm formation may be the result of a break in the equilibrium between hemodynamic stress and the condition of the IEL and the intima (22) . Hemodynamic stress is presumed to be the primary factor causing remodeling, degeneration, and loss of the IEL. Intranidal aneurysms should be considered "false aneurysms" caused by nidus rupture rather than aneurysm rupture, with acute disruption of the IEL, a false lumen, and a high rate of recurrent hemorrhage. Proximal flow-related aneurysms are simple ectatic arteries with benign clinical behavior; the IEL is stretched or fragmented, and the luminal surface of the intima is smooth. Therefore, proximal flow-related aneurysm is a dilated segment of artery without IEL disruption and has a benign course. Because small arteries involved in arteriovenous malformation are deficient in the smooth-muscle layer (18), the distal flow-related aneurysm lacks IEL and smooth-muscle layer in its dome and may rebleed easily owing to the fragile aneurysmal wall. Unrelated aneurysms (saccular aneurysms arising at arterial bifurcations) are assumed to be acquired lesions caused by a combination of hemodynamic stresses (luminal factors) and defective vessel wall responses (abluminal factors) (11). AVMs coexisting with aneurysms are significantly associated with hemorrhage, older age, and infratentorial AVM location (3,14,30). Exogenous factors, such as cigarette smoking 
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wide-necked, and may be difficult to clip and one can be directed to the lesion using Onyx embolization (13). Spetzler et al. have advocated that Grade IV and V AVMs be managed conservatively (1). However, in the presence of associated aneurysms, we believe that the aneurysm should be treated with or without intervention to the AVM. and alcohol consumption, are similarly associated with the formation and rupture of classic saccular aneurysms. In contrast to recent experimental reports of the association between statins and a reduction of intracranial aneurysm formation, the findings of Marbacher et al. (19) suggest that statins may have no significant beneficial effect on intracranial aneurysm suppression in humans.
Risk Attributable to Coexisting Aneurysms
The annual bleeding risk of an untreated AVM is 2%-3% per year and the risk of recurrent hemorrhage is even greater. The risk of death with an AVM hemorrhage is approximately 10%, and the risk of a neurologic deficit is approximately 50% (27) .
After an initial hemorrhage, the annual risk of a subsequent hemorrhage has been reported to range from 4.5 to 34.4% (4,9,20,24,28); the best estimate is approximately 6% during the first year, with a return to the baseline risk afterward (8, 31) . It is also well demonstrated that an additional bleeding risk is present in AVMs coexisting with aneurysm (15). Redekop et al. (26) reported a 10% risk of hemorrhage per year in patients with intranidal aneurysms, which is considerably greater than the 2%-4% annual hemorrhage rate usually attributed to AVMs.
Subtypes of These Aneurysms Associated with the Greatest Risk of Hemorrhage
Arterial aneurysms may occur in any segment of the feeding arteries and the larger the aneurysm, the greater the risk of rupture (2,3,12). We (16) have retrospectively reviewed 302 patients treated with AVMs at our institution. In that series, intranidal aneurysms were present in 13.6% of cases, and extranidal aneurysms were present in 10.9%. Willis Circle aneurysms were managed similar to the general aneurysms. We found that coexisting aneurysms more often became symptomatic with hemorrhage, in older patients, and in the case of infratentorial AVMs. In our previous series, Willis circle aneurysms were associated with significantly more hemorrhage than that of flow-related aneurysms. Willis circle aneurysms also had a greater incidence of subarachnoid hemorrhage and should be treated primarily. Furthermore in this series, 4/11 arterial bifurcation unrelated aneurysms, 7/9 distal flow-related aneurysms near the AVM and 6/12 intranidal aneurysms caused hemorrhage. However, only 3/14 proximal flow-related aneurysms on major feeding arteries caused hemorrhage. The risk of hemorrhage from a proximal flow-related aneurysm that has not bled seems to be lower than that of other aneurysms and it should not be assumed that all cases need treatment.
Treatment Modality
Although feeding-artery aneurysms less than 5 mm in diameter have been reported to regress after treatment of AVM in some cases (12), they have ruptured during/after AVM treatment like in one of our patients, probably owing to the arterial bifurcation type, in other cases. Given the concern about possible rupture, endovascular coiling of the arterial bifurcation aneurysm before AVM embolization should be performed (23, 26) . The distal flow-related aneurysm is often
